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A lot of ink has been spilled over why Gregor Mendel's pioneering studies on the particulate nature of inheritance were not appreciated in favor of the concept of blending inheritance. But retrospectively, the number and nature of genetic determinants of quantitative traits likely played a role. Indeed, a staggering number of genes and their complex interactions can contribute to the genetics of quantitative traits, representing a major challenge in the field of quantitative genetics (Mackay, 2014; Yu et al., 2008; Zuk et al., 2012) . Current methodologies in quantitative genetics (Nordberg and Weigel, 2008) likely only have the ability to detect the determinant genes with the strongest effects, which may or may not be representative of the whole constellation operating on any one phenotypic characteristic.
There is every reason to believe that there are constraints on the magnitude of allowable variation of regulatory genes that are typically dosage sensitive (Birchler and Veitia 2012) . Also, evolutionary genomics of whole-genome duplications and complementary population genetics of copy number variants suggest that gene regulatory factors are dosage sensitive and are subjected to purifying selection based on that property (Freeling, 2009) , which limits the range of natural variation. The consequence is that the field of quantitative genetics is left to rely on the variation that Mother Nature allows, which is multifactorial and difficult to detect due to subtle effects, until the power of genomic-editing tools starts to break down the barriers.
In this issue of Cell, Rodríguez-Leal and colleagues (Rodríguez-Leal et al., 2017) used genes that have been well characterized in tomato as determinants of quantitative traits, particularly some involved with agronomic production, as a proof of concept to develop a protocol to recover a wide range of alleles that could be useful in future applications. The approach was to use CRISPR-Cas9 targeting of the upstream promoter regions using a collection of guide RNAs that might cause different sizes of deletions in the control regions. From the initial recovery of loss-of-function alleles, the experiment can be amplified and sensitized by crossing these null alleles together with the editing cassette to wild-type with screening of the large progeny produced for more subtle alleles of the target gene heterozygous with the null. The tomato experiments yielded a great harvest of stepwise effects on the phenotype that expand what is available as natural variation.
The authors first performed a targeting of the promoters of the quantitative genes, locule number (affects fruit shape and size) and fasciated (causes large fruits in domesticated tomato), and found a collection of different deletions in the targeted region, with varying effects on the phenotype. To maximize the recovery of new alleles, those generated in the first step with strong loss of function together with the editing cassette were crossed to a normal tomato line. This approach produced a large progeny carrying the Cas-9 cassette on the one hand and was also heterozygous for a null allele of the target gene, which optimizes the ability to recognize more subtle changes. In using the fasciated example, more than 1,000 progeny were screened, of which about half carried the editing cassette; among this half, 24% showed a recognizable phenotypic change. PCR examination of the promoter regions of these candidates confirmed the generation of new deletion types. Self-crossing these materials fixed the new alleles and separated them from the editing machinery present on another chromosome.
Fourteen new alleles were recovered with a continuum of phenotypic effects, and upon sequence analysis, their molecular lesions were found to range from deletions to inversions to indels to a point mutation in the targeted region. Using this collection and comparing them to the conservation of sequences in the promoter of the same genes from the related potato, an attempt was made to illuminate the critical regulatory sites. The results revealed a complex pattern illustrating the complicated nature of promoter function.
To interrogate this result further, the quantitative expression of the collection was examined together with the quantitative trait gene, locule number, with which fasciated has a previously defined regulatory interaction. The collection of alleles produced a range of expression ratios between the two genes that illustrate that promoter changes do not produce linear effects when it comes to gene-gene interactions and the phenotype. This result illustrates how interacting regulatory genes can have a complex non-linear effect on the phenotype (Birchler et al., 2016) and the value that a collection of different regulatory alleles can provide.
The range of effects of the fasciated mutant collection illustrates the dosage sensitivity of the collection. If different alleles can produce a range of quantitative effects as a general rule, greater flexibility would be available for crop improvement selections. Toward this end, the authors targeted the promoter regions of two other genes with regulatory roles that influence productivity, COMPOUND INFLORESCENCE (controls flower proliferation) and SELF PRUNING (affects flowering time and hence the growth habit), for both of which there is little natural variation. They used their targeting approach to recover a collection of promoter alleles with varying effects on the phenotype. Different recovered alleles represented a continuum of effects on the respective phenotypes. The results illustrated the dosage sensitivity in both cases. Of course, not all genes involved with quantitative traits will necessarily be dosage sensitive, but a collection of heterozygous deletions in poplar (Henry et al., 2015) indicates the pervasive influence of dosage on the phenotype. Indeed, a collection of promoter mutations could be used to determine whether any particular gene shows this property. Nevertheless, the examples studied show how the dosage-sensitive property of regulatory genes can be used to advantage in breeding programs.
This proof of concept with tomato provides the concept to generate quantitative variation for crop improvement directly within elite lines that have already been selected for optimum production based on other criteria. Further, the authors suggest that it provides the ability to bring ''orphan crops'' with restricted production into wider use if their limitations can be overcome by editing. The world population relies on only three grass speciesmaize, wheat, and rice-for the majority of its calories, and a more diverse crop repertoire would help insure food security.
The examples studied were previously known quantitative trait genes for which a wide range of new alleles were generated. The question arises as to whether the technique can be extended to quantitative trait loci that have very weak effects and are not defined molecularly. Certainly, it seems possible that a reverse genetics approach on a gene known only by sequence could be subjected to the same process to recover a range of alleles that would be instructive as to its function and interaction with other genes. While the experimental organism in this proof of concept was tomato, the concept can be ecumenical for any species, including in the animal kingdom, to dissect quantitative traits and, in a more reductionist view, for examining regulatory networks on a basic level.
In this issue of Cell, Reddy et al. report integrative genetic characterization of diffuse large B cell lymphomas (DLBCL), including large-scale exome capture, transcriptomes, CRISPR screens, and integrative clinical biomarker studies. This provides the first comprehensive overview of DLBCL biology and the basis for future precision medicine approaches to this disease.
Diffuse large B cell lymphomas (DLBCLs) are among the most genetically heterogeneous tumors and feature a characteristically high burden of somatic mutations (Chalmers et al., 2017) . Whereas initial sequencing studies yielded important insights into the classes of genes mutated in DLBCL, these earlier studies were not extensive enough to fully represent the spectrum of somatic mutations that define this tumor type. Fortunately, in this issue of Cell, Reddy et al. have set about the Herculean task of performing exome capture on 1,001 clinically annotated DLBCL cases and provide a virtual treasure chest of new information (Reddy et al., 2017) . Their study yields a truly comprehensive assessment of the DLBCL genetic landscape along with functional validation by CRISPR screening in DLBCL cell lines. Mutation detection analysis was based on 503 germline DNA-paired specimens, with the remainder serving as a validation and extension cohort. The authors identified 150 genes with recurrent somatic mutation in DLBCL, 27 of which had not been previously recognized as disease alleles in this tumor type.
